The flow of wind in the vicinity of tall buildings develops an adverse condition from the pedestrian point of view and hence influences the safety of pedestrian. The present paper focuses on a comparative study for wind flow around a cluster of two tall buildings. For that numerical simulation of turbulent flow around pair of side by side square cylinder with Reynolds number equal to 21000 is performed using RNG k-model and the effect of gap ratios (g* = S/D, where S is the distance between two cylinders and D is width of each cylinder) on the flow are being studied. The results of numerical simulation show different regimes of flow either synchronized or non-synchronized depending upon the gap ratio. When g* < 2 flow is non-synchronized, and for g* > 2 flow becomes in synchronized mode. The average value of drag coefficient for both square cylinders is observed to decrease with gap ratio. The instantaneous velocity amplification and turbulence intensity at passage center line is found to be maximum for g* = 1.5 and 1.0 respectively. Strouhal number (St) is also observed to decrease with gap ratio, for higher gap ratio its value approaches to the value of square cylinder
Introduction
Unsteady flow around bluff bodies find its much application such as tall buildings, marine structures, bridge cross-section design, aircraft design, cross flow heat exchangers and many more. Since by reducing aerodynamic forces we can minimize fuel consumption and also by this study multi-story buildings can designed safely in order to minimize windinduced disastrous oscillation. Since one of the basic geometry in building design is the shape Square/Rectangular cylinder. Square shaped cylinder is being taken for the present study. Flow around square/rectangular cylinder shaped body induces various unsteady complex phenomena such as flow separation, reattachment, unsteady vortex shedding and recirculation. Vortex shedding behind bluff bodies is responsible for structural movement of high rise building, scour development around bridge piers in channel beds. Hence it is necessary to correctly predict the flow behavior and vortex shedding frequency behind the bluff bodies.
Since one of the basic geometry in building design is the shape Square/Rectangular cylinder. Square shaped cylinder is being taken for the present study. Flow around square/rectangular cylinder shaped body induces various unsteady complex phenomena such as flow separation, reattachment, unsteady vortex shedding and recirculation. Vortex shedding behind bluff bodies is responsible for structural movement of high rise building, scour development around bridge piers in channel beds. Hence it is necessary to correctly predict the flow behavior and vortex shedding frequency behind the bluff bodies.
So much experimental work by Kiya et. al.(1980) , Zdravkovich (1985) and Williamson (1985) has been performed for flow around side by side circular cylinders which is more complex as compare to flow around single cylinder. Results of experimental work shows that the flow structure could be classified in to three different modes-single flow mode, gap flow mode and independent flow. When the cylinders are very close to each other, the wake structure will be single Vortex Street as if flow around single cylinder. As the distance between the cylinders increases coupled and synchronized Vortex Street have been observed. After that flow tends to become independent. When g* < 5 two wakes approach in a complicated manner which results in a variety of flow pattern. For 1 < g* < 5, synchronization of vortex shedding occurs. For g* > 5 the interaction of wakes does not take place means flow becomes independent. Flow in other regime takes place as flip-flop pattern means does not show orderly pattern. The transition from single mode flow to gap flow mode for circular cylinders occurs at g* = 1 and which leads to drastic change in flow properties.
Besides of these experimental works several numerical studies by Meneghini et. al. (2001) , Kim et. al. (1988) and many more have also been carried for circular cylinder. Their results are presented in the form of variation of coefficient of drag and lift with time and frequency of vortex shedding. Meneghini et al. performed numerical simulation for Reynolds number varying from 100 to 200 using Finite element method. Their results of simulation concludes the presence of repulsive force between circular cylinders till g* = 2 and flopping phenomena has been observed till this range and for gaps above 3D, both cylinders shed vortices synchronized and in anti-phase. Bao. et al. investigated flow characteristics of two in-phase oscillating cylinders in side-by-side arrangement at Reynolds number of 100 using finite element method. They reports that the time averaged drag force is strongly dependent on gap distance and flow response state and it is relatively insensitive to oscillating frequency but the lift fluctuation is mainly dependent on wake response and excitation frequency, whereas the effect of gap ratio is relatively weak.
Comparatively fewer studies have been carried out using square cylinder. As there is geometrical differences between square and circular cylinder, so differences in ranges of critical regimes of flow can be expected. Agrawal et al. performed the low-Reynolds number (Re=73) ow around two square cylinders placed side-by-side at different gap ratios using the lattice Boltzmann method (LBM). He also concluded the existence of regimes with either synchronized or non-synchronized vortex shedding and suggested that the transition from nonsynchronized to synchronized flow occurs at g* 2 which is larger as compare to circular cylinder. Chatterjee et al. has also performed numerical simulation of flow past a row of square cylinders for various separation ratios at Re = 150 and depicted same flow regimes.
Kolar et al investigated ensemble-average characteristic of turbulent near wake flow around two side by side square cylinders at Re= 23100 and g* = 2 using laser Doppler velocimetry. For which the resulting vortex street are coupled in in-antiphase mode and average vortex speed in the base region (near field behind the cylinder) is significantly high; however, in the far field region the vortex speed is low. The vortex shedding frequency was found to be slightly higher (St = .14) as compare to single cylinder case (St = . From all the above studies it is evident that the turbulence modeling of flow around square cylinder has received little attention. Since it necessary to predict the turbulent quantities in near wake flow. So in present study numerical modeling of turbulent flow around side by side square cylinders of equal size placed in stream-wise direction at different lateral spacing is being done
Mathematical formulation
The 2-D incompressible turbulent flow which is flowing from left to right across a pair of side by side square cylinder with width D each is considered in an computational domain as shown in Fig.1 . The upstream distance from the inlet plane to front surface of the cylinder (X u ) is set as 10D and the downstream distance between the rear surface of the cylinder and exit plane (X d ) is taken as 30D. The transverse distance between upper plane and upper square cylinder (L 1 ) is taken as 10D and same is taken for L 2 between lower plane and lower square cylinder. The distance between the two cylinders (S) is being varied from D S 6D. The Reynolds-averaged equations for conservation of mass and momentum are given by
Where i, j = 1, 2. Here 1 and 2 denote the stream-wise and cross-stream directions.
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The boundary conditions for the simulation of uniform smooth flow are set as follows.
(1) At inlet boundary, a uniform flow , , , is set and k and at inlet boundary is calculated as follows:
where turbulence intensity I = 0.38% (Yen and Liu, 2011) , 0.09 C μ ≈ is the empirical constant specified in the turbulent model and is the turbulence length scale which is chosen as certain percentage of characteristic dimension e.g. = 0.07D (Rahman et al., 2007; Gao and Chow, 2005) (2) On top and bottom boundaries symmetry condition is applied The drag and lift coefficients are computed from:
Where L F and D F are the lift and drag forces, respectively. The Strouhal number, which characterizes the periodicity of flow, is defined as / St fD U ∞ = where f is the frequency of vortex shedding.
Methodology
All the governing equations along with assigned boundary are solved by a finite volume solver Ansys/Fluent 6.3 using Pressure Implicit with Splitting of Operators (PISO) algorithm for pressure-velocity coupling. The second order upwind scheme is used to discretize convective terms; whereas the diffusive terms are discretized by central difference scheme. The second order implicit time-integration method is used and the dimensionless time step is set to 0.01. The resulting equations are solved by Gauss-Siedel iterative scheme. Details of mesh for different gap ratios is being provided in Table. , respectively, which also shows an anti-phase synchronized vortex shedding. The vortex speed near the base region(just behind the cylinder) is high and in far away region it goes on decreasing as that is in case of g* = 6.0. At this gap ratio interaction of flow between both cylinder is strong as compare with g* = 6.0, which results in the higher peak values for lift coefficient for both the cylinders. The vortex at time instant of T/4 and T/2 are just merging with each other, means for g* < 2, flow will become non-synchronized and vortex will merge with each other. 
Stream-wise velocity-field.
From the pedestrian view it is important to discuss about the velocity-field (wind environment) with in passage of pair of cylinder, so in stream-wise direction the velocity amplification (U/U 0 ) is calculated at passage center line for different gap ratio at different instant of time. Fig.7 (a-e) shows the variation of velocity amplification profile for g* = 6.0, 4.0, 2.0, 1.5 and 1.0 at time instant of T, T/4, T/2 and 3T/4. For configuration g* = 6.0, U/U 0 first observed to increase and then decrease along passage center line and maximum velocity amplification is observed to be 1.224 at time instant of T behind the cylinders. For g* = 4.0, max. U/U 0 is found to be 1.359 and it also first increases and then decreases for all the time instant. For configuration g* = 2.0 velocity amplification is high between the cylinders for most of time and max. U/U 0 is found to be 1.70. For g* = 1.5 velocity amplification profile follow the same trend at time instant of T and T/2 and at time instant T/4 and 3T/4 and maximum velocity amplification is found to be 1.96, which means flow is issuing like jet flow from the gap between the cylinders. Flow is highly unsteady in nature as at a location beyond the cylinder U/U 0 for time instant of T and T/2 is maximum then for the same location it is at minimum for time instant of T/4 and 3T/4. For g* = 1.0 velocity field is not so much strong as it is for g* = 1.5, maximum U/U 0 for this configuration is 1.69 and also flow is highly unsteady in nature. 
Variation of drag coefficient and Strouhal number with gap ratio (g*).
Variation of drag coefficient on both pair of square cylinder with gap ratio is shown in Fig.8 (a) , which shows the trend of decreasing drag coefficient value with gap ratio. For higher gap ratio drag coefficient value is fairly matching with the experimental value of Yen and Liu [5] and as the gap ratio increases, its value approaches the corresponding numerical value for single square cylinder (1.902). But for low gap ratio (g* < 3), the RNG kturbulence model over predict the results. Same thing happens for the vortex shedding phenomenon also, for high gap ratio it gives fair agreement with experimental value. But for low gap ratio value of Strouhal number, which signifies the vortex shedding phenomenon, is over estimated. Fig.8 (b) shows the variation of St with g*, which shows the decreasing trend.
Conclusions
This numerical study is based on the characteristic of flow around a pair of square cylinders at Reynolds number 21000 for various gap ratios using RNG kturbulence model. The flow behavior, wake structure and wind environment (velocity amplification) is analyzed. Flow behavior can be characterized in to synchronized and non-synchronized vortex shedding. For g* < 2, non-synchronized vortex-shedding is observed and for g* > 2, synchronized anti phase vortex-shedding is observed. Velocity amplification profile is being plotted at passage center line. For configuration g* = 1.5, U/U 0 is found to be maximum, equal to 1.96, after that it decrease on decreasing g*. Drag coefficient and strouhal number for various gap ratios is also presented. Both parameters for higher gap ratio are fairly matching with experimental values, but for low g*, both values are over-estimated. 
